Stimulation of bacteriocin production by dialysed culture media from different lactic acid bacteria by Vázquez, José Antonio et al.
 
Stimulation of bacteriocin production by dialysed culture media from different lactic 
acid bacteria. 
 
 
J.A. Vázquez*, Mª P. González & M.A. Murado 
Instituto de Investigacións Mariñas (CSIC) 
r/ Eduardo Cabello, 6. Vigo-36208. Galicia (Spain) 
 
Headline: Stimulation of bacteriocin production by dyalised culture media. 
Keywords: bacteriocin production; stimulatory effects. 
 
*Corresponding author: jvazquez@iim.csic.es 
 
 
Abstract 
 
The cross-effects of dyalised postincubates (with a cut-off at 1,000 Da) on the biomass and 
bacteriocin production of six strains of lactic acid bacteria were studied, and a 
predominance of stimulating responses was found, the characteristics of which suggested 
merely nutritional effects or the presence of precursor fragments of the bacteriocins. 
Additionally, the cluster analysis of the detected responses provides an approach to define 
groups of highly (potential consortia) or doubtfully compatible strains of lactic acid 
bacteria. Such a definition, that does not claim taxonomic value, has practical interest, 
however, in cases (e.g. silage production) in which it is convenient the use of mixed 
inocula including strains able to establish positive interactions. 
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Introduction 
 
Bacteriocins are peptides produced by lactic acid bacteria, frequently found in foodstuffs 
[e.g. 7, 11, 19], which present a variable spectrum of antimicrobial activity, essentialy 
against other Gram-positive bacteria. In general, for bacteriocin production, semi-synthetic 
media such as MRS, TGE or APT [6, 9], which contain complex peptidic sources, are 
used. However, in the absence of special culture resources such as the use of stepped pH 
profiles [4, 20], the efficiencies (substrate consumed/initial substrate) achieved in these 
media are usually low, which suggests unbalanced proportions of nutrients. 
 
However, the adjustment –in principle obvious– of the initial concentrations of the proteic 
sources to the detected consumptions causes a strong reduction of the production of 
biomass and bacteriocins [5], and the same effect takes place when inorganic sources of 
nitrogen are used [11]. This has been interpreted accepting that peptones do not represent a 
mere nitrogen contribution, but rather a source of specific amino acids or peptides; for this 
reason only a fraction of the quantities added is really relevant. On the other hand, various 
factorial studies [8, 12, 20], aimed towards determining the effects of different amino acids 
and their possible interactions, detected certain specific needs but could not totally explain 
the much greater production of bacteriocins obtained with complex peptidic sources. 
 
This way, the study of the effects of nitrogen sources on the bacteriocin production was 
directed toward the peptides, to which very different roles have been attributed. It has been 
pointed out that the transmembranal transport systems in lactic acid bacteria are more 
efficient with peptides than with free amino acids [17]; or that the amino acids are 
protected from catabolic reactions in peptidic structures [15, 16]; or that the intracellular 
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hydrolysis of peptides produces energy which avoid consume of carbohydrates during 
growth [1]. 
 
Conversely, it has been shown that certain peptides (whether structural analogues of the 
bacteriocins or not; excreted by the same bacteria or by others) enter into the the cell and 
induce bacteriocin biosynthesis, acting as activating signals for transcription; or, from 
outside the cell, activate a transmembranal protein which produces the effective signal in 
the intracellular space (“second-messenger” mechanism). The biosynthesis of nisin by 
Lactococcus lactis obeys a self-induced second-messenger mechanism, being the excreted 
nisin which activates the transmembranal protein [13]. The activating peptide excreted by 
Lactobacillus sake is similar to the bacteriocin [10]. 
 
Taking into account the precedent considerations, in this study a simple and reproducible 
method is applied to the detection and quantification of the stimulatory or inhibitory cross-
effects of the materials of a size greater than 1,000 Da produced by six species of lactic 
acid bacteria. The results suggest a criterion for the classification of lactic acid bacteria 
according to their sensitivity to those materials, and the conclusion may be reached that in 
all the cases studied the effect is of a nutritional or precursor nature. 
 
 
 
Materials and Methods 
 
Micro-organisms and culture media 
The micro-organisms studied are shown in Table 1 (C. piscicola was used as an indicator 
for bacteriocin bioassays). All stock cultures were stored at –50°C in powdered skimmed 
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milk suspension with 25% glycerol. Fermentations were carried out in 250 ml Erlenmeyer 
flasks with 50 ml of MRS medium, at 30ºC and orbital shaking at 200 rpm. Inocula (1% of 
the total culture volume) were prepared as cell suspensions from 18-hour aged cultures in 
sterile distilled water, and adjusted to an absorbance (700 nm) of  0.900. 
 
At suitable times for the cultures to be near the end of their exponential phase (from 12 to 
44 hours, depending on the species), the cell-free media, obtained by centrifuging at 
5,000G/15 min, were dialysed at 4ºC for 30 hours through membranes with a cut-off at 
1,000 Da, the retentate being subsequently filtered through 0.22 m filters. These filtered 
retentates, which can be stored frozen for at least two months without loss of activity, were 
taken as the potentially active solutions (Di) to be assayed. It should be noted that this 
procedure stripped the Di solutions (a result verified by HPLC) of lactic and acetic acid (as 
well as of other nutrients and metabolites of low molecular weight), the inhibitory effects 
of which are well documented. 
 
Assay of the potentially active solutions 
The assays were carried out, in triplicate, quantifying growth and bacteriocin production in 
cultures of the six strains, each of these dosed, separately, with all the Di solutions. To do 
this, 50 ml Erlenmeyer flasks were used, to which 5 ml of MRS-2C medium (MRS 
medium prepared in such a way that the nutrient concentrations were twice the 
conventional ones), 2.5 ml of Di solution, 0.5 ml of inoculum and 2 ml of sterile water 
were added, obtaining a collection of MRS media supplemented with doses of Di solutions 
equivalent to 25% of the initial volume of the culture. Inocula and conditions of incubation 
were as described in the preceding paragraph. For quantification of the effects of Di on 
biomass and bacteriocin production (see Analytical methods) the compensatory correction 
of the dilution caused by the dialysis process was applied; for this reason the results of 
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Tables 1 and 2 may be attributed to postincubate volumes equivalent to the volumes of the 
Di solutions. 
 
Analytical methods  
At each sampling interval, each whole experimental unit was split into two aliquots. The 
first was centrifuged at 5,000G/15 min. and the sediment washed twice with distilled 
water and dried to constant weight at 106°C for biomass estimation. The corresponding 
supernatant was used for the determination of reducing sugars [2], proteins [14], and 
characteristic metabolites (lactic and acetic acid) by HPLC analysis, performed using a 
ION-300 column (Interaction Cromatography USA) with 6mM sulphuric acid as mobile 
phase (flow = 0.4 ml min-1) at 65ºC, and refractive-index detection (data not shown). The 
second aliquot was used for the extraction and quantification of bacteriocins, using 
Carnobacterium piscicola CECT 4020 as an indicator, by methods described in detail by 
Cabo et al. [3] and Murado et al. [18]. 
 
Statistical and numerical methods 
Cluster analysis and fitting procedures to logistic equation was carried out by Statistica 
6.0 (StatSoft, Inc. 2001). 
 
Results and Discussion 
 
Tables 2 and 3 show the results of the bioassays as percentages of biomass and bacteriocin 
production regarding the control culture values. The effects detected lead us to highlight 
the following regularities: 
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1) In both biomass and bacteriocin production, a predominance of self-stimulatory effects 
may be observed (i.e., the Di solutions stimulate the strains from which they originate). In 
the case of biomass, the exceptions are Lb 2.01 and Ln 3.07, which do not promote 
significant effects; in the case of bacteriocins, the only exception is Lb 3.04, whose effect 
is only slightly (but significant) self-inhibitory. 
 
2) Lc 1.04 and Lb 2.01 tend to promote strong depressor effects on biomass and 
bacteriocin production in the remaining strains. Pc 1.02, Lb 3.04 and Lb 6.04 tend to 
promote stimulatory effects on all the others (including themselves). 
 
3) No postincubate is capable of stimulating the production of bacteriocins by Lb 3.04. Lc 
1.04 is the opposite case, whose biomass and bacteriocin production is stimulated by all 
the others (with the only exception of Ln 3.07, which does not affect biomass production). 
 
4) The stimulatory effects are more general in the case of biomass, but quantitatively more 
important in the case of bacteriocins (with a maximum in the self-stimulation of Pc 1.02, 
where 182% is achieved). 
  
One way of structuring these results lies in accepting that each strain can be characterised 
by a 12th-order vector which represents the 6 responses of the micro-organism to all the Di 
solutions (matrices of Tables 2 and 3) together with the effects of the corresponding Di 
solution on the 6 strains (obtained by reversal of the abovementioned matrices). Naturally, 
responses and effects may be evaluated in terms of production of biomass, bacteriocins or 
both. 
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In this way, the Euclidian distances between the points which represent the strains studied 
provide a physiological classification which defines bacterial clusters with similar 
properties. Such a definition, that does not claim taxonomic value, has practical interest, 
however, in cases (e.g. silage production) in which it is convenient the use of mixed 
inocula including strains able to establish positive interactions. Furthermore, if strains 
from the same cluster are mutually favourable, they will be suitable for the formation of a 
consortium which promotes the exclusion of the remainder. Although the utility of this 
analysis would be more evident if it were applied to a greater number of micro-organisms, 
in Figure 1 the clusters corresponding to the effects on the abovementioned variables 
(biomass, bacteriocins or both) are shown. It is to be noted, for example, that the couple Lc 
1.04 and Lb 2.01, whose members are mutually stimulating (see Tables 2 and 3), appears 
in the same cluster notwithstanding the criterion used for calculating the Euclidian 
distances, which suggests their suitability for the formation of a consortium with “more 
than additive” properties. 
 
Anyway, none of the stimulatory effects detected reached the extent which is habitual in 
induction processes [10, 13]. On the other hand, the most significant interaction in 
quantitative terms (182% self-stimulation in bacteriocin production by Pc 1.02) was re-
assayed, in triplicate, with increasing doses (0.1; 0.5; 1.5; 2.5 and 4.5 ml) of the 
corresponding Di solution. The results, which could reasonably be adjusted (Figure 2) to a 
logistic equation: 
 
  Dm
KR  exp1  
 
R and D: response and dose, respectively 
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K: maximum response (dimensions R) 
: specific rate of response (dimensions D–1) 
m: dose producing semi-maximum response (dimensions D) 
 
highlighted a gentle slope, with an asymptotic maximum which does not attain double the 
basal level and which takes place within the interval of the doses assayed. This profile is, 
in fact, not very compatible with the much steeper stimulation which characterises the 
inducing effects. 
 
Since the same doses scarcely modified biomass production, it is plausible to suppose that 
the peptides present in the Di solution do not have a nutritional role. This way, since the 
bibliographical information restricts the effect of the peptides to three possible roles 
(inducers, nutrients or sources of precursory fragments of the bacteriocin molecule), it 
would be necessary to conclude that in the cases here studied the most relevant effect is in 
fact the last one. 
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Tables 
 
    
TABLE 1: Strains used.         
Strains Reference Abbreviated key 
Lactobacillus brevis CECT 216 Lb 2.01 
Lactobacillus casei ssp. casei CECT 4043 Lb 3.04 
Lactobacillus helveticus CECT 541 Lb 6.04 
Lactococcus lactis ssp. lactis CECT 539 Lc 1.04 
Leuconostoc mesenteroides ssp. mesenteroides CECT 4046 Ln 3.07 
Pediococcus acidilactici NRRL B-5627 Pc 1.02 
Carnobacterium piscicola CECT 4020 Cb 1.01       
CECT: Spanish Type Culture Collection (Colección Española de Cultivos Tipo). 
N RRL: Northern Regional Research Laboratory (Peoria, Illinois, USA).   
 
 
       
TABLE 2: Stimulation of biomass productions (% of control) by dialysed Di solutions from stimulant 
strains. Experimental means and confidence intervals (<0.05; n=3).               
 Stimulated strains               
Stimulan s t strain Pc 1.02 Lc 1.04 Ln 3.07 Lb 2.01 Lb 3.04  Lb 6.04               
Pc 1.02 118.4 4.6 103.9 2.9 111.6 4.2 104.5 3.8 117.3 6.0  116.2 5.5 
Lc 1.04 4.0 3.5 114.1 5.8 11.0 4.6  105.9 4.0 74.7 3.8  3.9 3.1 
Ln 3.07 113.8 5.9 100.3 2.6 102.9 3.3 108.4 4.1 109.5 6.0  106.2 5.6 
Lb 2.01 3.8 1.6 105.3 2.2 11.5 2.7  98.4 2.9 67.6 3.3  3.2 3.0 
Lb 3.04 122.1 6.9 115.0 7.1 121.8 4.8 120.1 5.2 117.5 3.9  121.8 5.2 
Lb 6.04 125.8 5.0   120.9 4.0   124.7 5.3   128.3 1.8   123.5 5.5    126.9 6.1    
 
 
       
TABLE 3: Stimulation of bacteriocin productions (% of control) by dialysed Di solutions from stimulant 
strains. Experimental means and confidence intervals (<0.05; n=3).               
 Stimulated strains               
Stimulan s t strain Pc 1.02 Lc 1.04 Ln 3.07 Lb 2 01 . Lb 3.04 Lb 6.04               
Pc 1.02 182.0 7.9 150.4 8.1 98.6 9.1 92.6 6.6 100.0 8.0 98.0 8.5 
Lc 1.04 6.0 6.8 172.2 7.9 55.8 6.6 120.0 8.2 92.7 7.3 33.8 7.1 
Ln 3.07 95.2 7.1 108.3 8.2 118.2 7.5 99.0 8.4 101.2 7.1 101.5 8.8 
Lb 2.01 7.2 3.6 131.3 5.2 54.9 5.1 113.1 6.4 88.6 5.9 21.4 4.2 
Lb 3.04 111.0 6.8 121.5 7.5 100.6 6.8 84.8 6.2 91.0 7.0 99.5 8.2 
Lb 6.04 103.4 9.3   104.4 9.8   115.7 9.8   99.8 8.5  86.0 8.3  107.8 7.6    
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Figure captions 
 
Figure 1: Cluster analysis of the six bacteria used (table 1), expressed as Euclidian 
distances. B: biomass, BT: Bacteriocin, B&BT: Biomass+Bacteriocin.  
 
Figure 2: Biomass (B) and Pediocin (BT) production by Pediococcus acidilactici with 
increase levels of the solution Di of Pc 1.02. Ñ: Biomass. J: Pediocin. Continous line fit 
pediocin experimental results to the logistic equation. The bars indicate the confidence 
intervals (<0.05; n=3). 
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Figure 1 
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Figure 2 
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